The authors describe a double canal-ray source, and discuss the general features of greatly improved analyses obtained through its use.
Effects due to uniform external electric fields are best seen in the parhelium spectrum. The observed patterns (Foster 1927) are constant within each spectral series. As interpreted by quantum mechanics, they show th at pairs of levels (n, l, ± m) are coincident and th at the selection rule Al -±1 no longer applies, since all electric combination lines appear at suitable fields, while Am = 0, ± 1 still holds.
Displacements and intensities are in rather good agreement with the theory, but some intensities show variations, probably due to unequal populations in initial states, and absorption within the source, which are not theoretically con sidered.
In the present work, a helium source is subjected to uniform electric and magnetic fields crossed at right angles, while the light is taken to the spectrograph in a direction perpendicular to each field. The observations show that the selection rule dm = 0, + 1 is now extended, since transitions occur for which | | = 2. It is equally clearfrom the absence of certain components-that | Am | =j= 3 in any known case.
Professor Bohr (1918) interpreted certain outer components of in a supposedly pure Zeeman analysis by Paschen and Back, as actually arising from a component of electric field directed a t right angles to the applied magnetic field. This has been experimentally confirmed. It was not, however, until the introduction of quantum mechanics th at uniformly sharp components were theoretically expected to appear in crossed fields of any strength. On this basis the theory of the present problem has been worked out at Professor Heisenberg's Institute.* On the experimental side, the problem is to establish and maintain steady electric and magnetic fields in a source of sufficient strength to permit analysis by an optical system of high resolution. Provided the design of the source is such as to give a suitable magnetic field, there is no further difficulty in keeping the field steady. On the other hand, electric fields in all strong sources depend to some extent upon space charges which may vary during the exposure. A major part of the experi mental problem is therefore similar to that encountered in the application of electric fields alone.
From earlier experiments with crossed fields (Foster 1931) it is already known th a t in the sharp and principal series, where the effect of the electric field is small, there is a nearly normal Zeeman separation. In the series, however, the observed separations were much less than normal while the diffuse series show more and the P-P series much more than normal Zeeman splitting in low electric fields. These wider structures are obviously complex and only partially resolved. They are asymmetric in intensities and show large changes in relative intensities with increasing electric field. Steubing & Redpenning (1935) have published a more extended analysis of the helium spectrum in crossed fields. Owing to the presence of unsteady electric fields, these authors have found diffuse components at high electric fields where many lines fade out. Since these components are still sharp in fields higher than those established by Steubing & Redpenning, no confirmation of this work can be claimed.
T h e l ig h t s o u r c e a n d e x p e r i m e n t a l p r o c e d u r e
Obviously, from what has been said, the design of a suitable discharge tube is an important matter. The tube used in the present experiments ran along the axis of the magnetic field. Briefly, it consisted of two canal-ray tubes opposing each other with the result that the two streams of canal rays (after passing through the pole pieces) ran in opposite directions through the central region between the poles. Here separate field plates were used to establish an electric field at right angles to the streams. Light was conveniently taken out through a side tube at right angles to both electric and magnetic fields. Under operating conditions, each canal-ray beam was actually projected for a short distance into the other discharge tube. The oscillating positive ions thus aided ionization and the production of light.
Looking now at the central portion of the tube in more detail (figure 1), the two pole tips are soldered to an intermediate section of brass so shaped as to form with * Private communication.
the pole tips a cylindrical unit in which the pole faces have a fixed separation of 7 mm. Steel shoulders a t either end of this part of the tube prevent any motion which otherwise might arise from unbalanced forces on the pole tips. A 0-06 in. hole drilled along the axis of this central structure clears the canal-ray beams which are limited to 0-04 in. diameter by perforated aluminium cathode disks. Owing to the small hole through the steel, as required on this plan, the magnetic field realized in the experiments is about 80 % of th a t obtained with solid poles. The aluminium disks not only limit the diameter of the beams-and thereby prevent bombardment of the canal wall and electric field plates-but also minimize sputtering. Resting on these disks, and closely fitted into the steel sleeve extensions from the pole tips, are the glass tubes which support the anodes.
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F ig u r e 1. D ouble canal-ray tube (anodes not shown).
Returning now to the centre of the tube, a 0-200 in. hole is drilled in the brass cylinder along a diameter. This hole is threaded for a short distance at each end, and is designed to receive the electric field plates and the gas connexion. At one end the | in. positive field plate is fitted with its insulating glass sleeve, and the whole is supported by an outer brass pipe threaded into the main tube. Into the other end the grounded plate is fitted, after having been channelled to permit flow of helium. This plate is also supported by an outer pipe threaded into the main tube. In this case, however, the rather heavy outer pipe is tapered to receive a ground glass connexion to the vacuum system. The grub screw which fixes the position of the field plate is sealed by the tapered joint.
Finally, a central 0-080 in. hole is bored perpendicular to the one which mounts the field plates and this is suitably reamed to form a conical hole through which the light passes out to the spectrograph. Thus the observations are made in a direction perpendicular to both applied fields. The side tube is sealed off by a glass plate fitted over a flattened portion of the brass cylinder. Seals were made with suitable grades of wax and cement.
On the way to a six-prism glass prism spectrograph the light passed through a Wollaston prism. A quarter-wave plate was inserted into the beam with vertical electric vector in order to reduce losses at the prism faces.
W ith the magnetic axis vertical, it was convenient to lift the upper core of the magnet with block and tackle and insert the tube. The anodes were connected in parallel to a Kipp and Zonen rectifier ('proton apparatus') with resistance control in the primary. The electric field plates were attached to a second rectifier with Variac control.
The tube could be sufficiently outgassed in a few hours. I t was then possible to keep a steady voltage of 10,000 to 12,000 on the anodes, while the electric field plateswith 0-75 mm. separation-drew no measurable current at 10,000 V. Since the tube could be operated at 0-7 mm. of purified helium, the double canal-ray feature pro vided light of sufficient intensity even though the current did not exceed 1 mA.
Exposures varied from 1 to 3 hr. The magnetic field was 25,800 oersteds, while the electric field varied in different experiments with a maximum of 131,000 V/cm. The tubes were commonly good for a few runs but eventually failed owing to dis integration of the glass tubes near the cathode surfaces. Other occasional failures arose from breakdown of electric field plate insulation, or melting of wax seals.
D e t e r m in a t io n o f f i e l d s t r e n g t h s
Owing to the method of fixing the separation of the pole pieces, there is no reason to expect the magnetic field to vary except through the current in the coils. This was kept constant, with the result th at the normal Zeeman effects showed a field of 25,800 oersteds with a possible error of 2%.
Electric fields cannot be so directly determined, since the experiments show th a t space charges appreciably modify the field one might expect from the voltage across plates of known separation. Since, however, in most of our experiments the dis placements due to the electric field are very large compared with those due to the magnetic field, one may consider the centre of gravity of the simpler complex struc tures as having the theoretical displacement arising from electric field alone. This assumption leads to rather small variations in calculated field when it is applied to a number of complex structures within the same group of fines. The mean value so obtained is therefore accepted, and is believed to have no greater possible error than that of the magnetic field.
J. S. Foster and E. R. Pounder R e s u l t s
W hat appear to be the more important measurements obtained in the experi ments are recorded in tables 1, 2 and 3. They represent effects in three fine groups, 2P-4SDFP (parhelium) (A 4922), 23P -4 3SPDF (orthohelium) (A 4471) and 23P -5 3SPDFG (orthohelium) (A4026) respectively. The intensities, as indicated by the length of the fines in figure 2, are very rough estimates. Selected plates are reproduced on figure 3, plate 6. I t should be noted th at these reproduced photographs cannot be compared exactly since the dispersion on various plates ranged between 14 and 27 cm.-1/mm. Further, the enlargement factor is not exactly constant for all prints.
In the tables and reproductions of the photographs the two polarizations are referred to somewhat arbitrarily as perpendicular and parallel. The V polarization designates th at polarization which is perpendicular to the magnetic field and parallel to the electric field. The 'p ' polarization is the re 
D i s c u s s i o n o f r e s u l t s
The electric field brings out the well-known new electric combination lines which join with lines of the normal spectrum to form groups with a marked overall sym metry. This symmetry arises from interaction (repulsion) between sub-levels with the same n. m values in electric field alone. In crossed electric and magnetic fields there is interaction also between levels of different m values. These interactions produce separations between certain levels which are quite comparable to Zeeman separations. On this basis, normal Zeeman separations no longer are uniformly maintained. Even in high electric fields the somewhat complex structures continue to show rapid variations of relative displacements with electric field. The resulting structures in most cases are beyond complete resolution in these experiments. Parenthetically, it should be noted th at the weakest member of the orthohelium triplet failed to appear. 
1, 2
Structures of the simplest type offer the best opportunity for a clear interpretation of some of the results. These are the components arising from transitions in which the initial states have m values ± 2. For known reasons which cannot be briefly stated, some of these stand well apart from their neighbours under electric fields alone, and this feature is retained in the present photographs. Here they may be expected to provide two components only (ra = 2 -> ra = 1; ra = -l)on the basis of the usual selection rule Am = 0, 1. Actually, only three examples of such components with suitably clear separations and intensities are found. The corresponding observations are set in heavy type in the tables. Each structure contains a t least three members of different wave lengths. Except in the first example, the polarization is not the same for the three components. These observations mean th at in all cases where clear examination is possible there are transitions in which m changes from + 2 to 0. I t may be concluded th at in crossed fields , . , _ , _ | Am I = 0,1,2. I t is, however, equally clear th a t there are no observed components for which | Am | = 3. Obviously these could possibly arise only from initial levels 4F, 4 3F, 5 3G without electrical displacement, and 53FG with relatively small displacements. There is no question of adequate resolution of the components, should they appear. The photographs show th a t the transitions | Am | = 3 do not take place and in cidentally th at the closely associated transitions (ra = 3 ->ra = 1; ra = -3 ->m = -1) where | Am j = 2 are also missing.
We shall next consider more carefully a second new feature in crossed fields, viz. a continuous interaction between terms, notably within the same close structure, which leads to many striking changes in intensities and displacements with increasing electric fields. An outstanding example is found in the 's ' polarization of 2 3P -5 3G. While the plates show th at the analysis obviously changes greatly with large varia tions of the electric field, the observations near 64 kV/cm. are of particular interest.
In this photograph (the bottom one on figure 3, plate 6) it would at first seem th a t the electric field had varied abruptly during the exposure and th at a pair of spurious components were so produced. This is certainly not the case, neither may the effect be attributed to final states, since similar features are not found for other lines of comparable displacement and intensity. Indeed some well-displaced components are so sharp th a t on second consideration it seems certain th at the source was exceptionally steady with only an important small variation in electric field from point to point along the axis of the tube.
From the above one may conclude th at this particular effect is mainly in the 53G states and a t the same time observe th at the components from initial sub-levels m = ±2 are well separated in 'p ' polarization and therefore a portance in the discussion. This leaves mainly the interaction between 53G sublevels with m = 0, ± 1. Indeed, the facts strongly suggest th at the 0 level mov from an inside position across the m = -1 level, to the out small range of electric fields represented.
Assuming the above qualitative explanation to be correct, it is clear that such effects will be detected on comparatively few plates and only under the most exact controls. This case emphasizes the ease with which components may be blurred in crossed fields. Evidently the demands upon the experimenter are here somewhat greater than is encountered in work with either field alone.
The remainder of the fine details are left to the reader for examination. I t may be remarked th at the present method is suitable for extensions. I t would help to have higher magnetic fields, and slightly inclined electric field plates, to give some variations which would assist one in making positive identification of many more components.
